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Introduction 
 Two dye traces were conducted in an area around Shady Creek in Fillmore County, 
Minnesota between 11 September 2012 and 20 June 2013. The location is shown in Figure 1 on 
the cover of this report and the study area is shown in Figure 2 below. The Shady Creek 
watershed is northwest of Fountain, MN and northeast of Wykoff, MN. The watershed is 
bounded on the west and north by, and drains to the Middle Branch of the Root River. The 
watershed is bounded on the east by the Rice Creek watershed and on the south by drainage 
through Tyson Cave. The sinkholes shown in Figure 2 are developed mainly in the Prosser 
Formation of the Ordovician Galena Group. The springs emerge from the middle and lower 
Cummingsville Formation of the Galena Group. 
 The purpose of these dye traces was to map groundwater flow path directions and travel 
speeds for the Shady Creek area – an area where traces had not previously been conducted. 
Tracing in this area is of interest because of the proximity to Minnesota designated trout streams, 
Shady Creek and the Middle Branch Root River. The goal of this trace is to add groundwater  
 
 
   Figure 2.  Study Area. Graphic by Valerie Woelfel   
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flow data on trout stream water sources so informed decisions may be made to protect the health 
and productivity of Southeast Minnesota trout streams and the groundwater systems that feed 
them.  
 
Methods 
 On 11 September 2012, prior to dye release, passive charcoal detectors (bugs) were placed 
into five creek and spring locations to determine if any background amounts of dye were present 
in the system. The bug sites are listed in the Table 1 and shown as the black “Monitoring 
Locations” in Figure 3. Once it was determined that no background dyes were detected, different 
dyes were released into two separate sinkholes in the Prosser Formation of the Upper Ordovician 
Galena Group aquifer unit (Table 1. Dye Inputs). On 13 November 2012, Rhodamine WT dye 
was injected into sinkhole 23D392* near County Road 7 on Mr. Glen Hisey’s property and 
uranine dye was injected into  sinkhole 23D548 on Mr. Michael Graskamp’s property. The dyes 
were flushed into the sinkholes’ open swallets with roughly 400 gallons of water from a truck- 
 
 
   Figure 3. Charcoal Detectors (Bugs) and Dye Input Locations. Graphic by Valerie Woelfel  
 
* “23D392” is a shortened form of the Karst Features Database number (MN23:D00392) for this feature. This 
shortened format is used for all site identifications, for readability in this report. 
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mounted tank. This method is known as “dry sinkhole dye tracing”. Charcoal detectors were 
exchanged regularly and returned to the Dilute Solutions Laboratory at the University of 
Minnesota, Department of Earth Sciences for analysis on a Shimadzu RF-5000U Scanning 
Spectrofluorophotometer. The dye extraction from the charcoal detectors methodology followed 
Alexander et al. (2005, p. 542) and the spectral deconvolution and quantification process 
followed Alexander (2005). The results are shown in Table 1.  
  Jeffrey A. Green designed this dye trace. The trace was carried out and completed with the 
field and interpretive assistance of E. Calvin Alexander, Jr., laboratory and field assistance of 
Kelsi R. Ustipak and data management and editing by Betty J. Wheeler. 
 
Results & Discussion 
 
Charcoal detectors from sample sites were installed and replaced eleven times between 11 
September 2012 and the final collection on 30 Jun 2013. Conducting dye traces through the 
winter in Minnesota presented some field “challenges”. The charcoal detector at 23X150, Shady 
Creek Bridge at Co. Rd 7, was buried under ice and uncollectable from December 2012 through 
the spring of 2013, for example. The analytical results from the charcoal detectors are 
summarized in Table 1. 
 Uranine was detected at levels high enough to positively identify in the bug in Shady Creek 
at County Road 7 Bridge, 23X150, between 3 and 13 days following dye injection and was 
present in several subsequent charcoal detectors. Shady Spring, 23A111, the headwaters spring 
on the east side of the Shady Creek Valley is interpreted as the emergence spring. Unfortunately, 
we did not have permission to monitor Shady Spring, 23A111, and the monitoring point, 
23X150, is about 4,400 ft (1,300 m) straight line distance from Shady Spring. Mr. Graskamp’s 
sinkhole, 23D548, is about 4,100 ft (1,250 m) straight line distance from Shady Spring. The sum 
of those two distances divided by the maximum 13 days yields a combined water flow 
(groundwater and surface water) speed of about 620 ft (190 m) per day. The minimum 3 days 
yields a combined water flow speed of about 2,800 ft (850 m) per day. Either number is only a 
lower limit on the true flow speed. Shady Creek between the spring and bridge is strongly 
meandering. The thalweg of Shady Creek is at least twice the straight line distance. The 
subsurface path between the sinkhole and spring is also undoubtedly much more convoluted that 
a straight line. The distance the dye moved from the sinkhole to the spring to the monitoring 
point is probably about twice the straight line distance. The actual flow speed is likely in the 
range of 0.25 and 1 mile (0.4 to 1.6 m) per day.  Flow speeds for the conduit groundwater flow in 
other areas of the Galena Karst of Fillmore County have been shown by previous tracing to be 
typically in the miles/day range. 
 Rhodamine WT was detected at levels high enough to be positively identified in Walnut 
Spring beginning in the 22 to 30 day time interval following dye injection. The straight line 
distance between 23D392 and Walnut Spring, 23A661, is about 3,300 ft (1,000 m). The 
corresponding groundwater flow velocities are 150 to 110 ft (46 to 34 m) per day. Even 
multiplying by a factor of two for the curvature and tortuosity of the flow path, these flow 
velocities are a few hundred feet per day and there is no long reach of surface stream involved.  
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Table 1 
 
Shady Creek  Dye Traces -- 13 Nov 2012 (2 Traces) 
         
                 
Trace 1 Input:  Hisey Sinkhole (MN23:D00392, 563,512 E /  4,848,086 N, NAD 83, Zone 15)  
     
     The bottom of the sinkhole has a swallow hole of about 1 foot (0.3 meters) diameter. 
      
     Poured 482 grams Rhodamine WT (17.7 weight %) directly into the swallow hole at 15:10.  The DNR tank delivered about 
 
     500 gallons of water to flush the dye underground. There was no ponding of the water. 
      
                 Trace 2 Input:  Graskamp (aka, Vacuum Cleaner) Sinkhole (MN23:D00548, 565,294 E / 4,847,085 N, NAD 83, Zone 15) 
  
     The bottom of the sinkhole has a swallow hole of about 1.5 foot (0.5 meters) diameter. 
      
     Poured 530.43 grams Uranine HS (35 weight %) directly into the swallow hole at 16:25.  The DNR tank delivered 
  
     about 500 gallons of water to flush the dye underground. There was no ponding of the water, but the dye remained visible in 
 
     bottom of the 
               
                 Field Personnel at Inputs and/or Sampling:  Jeffrey A. Green, Kelsi R. Ustipak, E. Calvin Alexander, Jr. 
    
                 Lab Personnel:  Kelsi R. Ustipak, Betty J. Wheeler, Dr. E. Calvin Alexander, Jr. 
       
                 
Carbon (Bug) Analysis Results 
             
                 
Field Name KFD # 
Site 
Type 
UTMs 
NAD 83, Zone 15 11 Sep 
to 
11 Oct 
2012 
11 Oct 
to 
12 Nov 
2012 
Dye 
Input 
13 
Nov 
2012 
12 
Nov 
to 
16 
Nov 
2012 
16 
Nov 
to 
26 
Nov 
2012 
26 
Nov 
to 
5 Dec 
2012 
5 Dec 
to 
12 Dec 
2012 
12 Dec 
2012 
to 
8 Jan 
2013 
8 Jan 
to 
6 Feb 
2013 
6 Feb 
to 
9 May 
2013 
9 May 
to 
29 May 
2013 
29 May 
to 
20 Jun 
2013 
Easting Northing 
Shady 
Creek 
(under Co. 
Road 7 
Bridge) 
MN23:X00150 creek 564,769 4,848,432 nd nd   nd 
Uran 
(29 σ) 
Uran 
(181 σ) 
Uran 
(242 σ) 
      
Uran 
(46 σ) 
nd 
Walnut 
Spring 
MN23:A0066
1 
spring 562,600 4,847,652 nd nd   nd nd nd 
RhWT 
(8.7 σ) 
RhWT 
(439 σ) 
(diluted 
10 x) 
RhWT 
(94 σ) 
RhWT 
(151 σ) 
RhWT 
(48 σ) 
RhWT 
Tyson 
Spring Run 
(associated 
with 23A122) 
MN23:X00119 
spring 
run 
561,066 4,845,994 nd nd   nd   nd nd nd 
nd 
(8 Jan to 
9 May 2012) 
nd   
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Table 1 (continued) 
 
Shady Creek  Dye Traces -- 13 Nov 2012           
                 
Carbon (Bug) Analysis Results (cont.)             
                 
Field Name KFD # 
Site 
Type 
UTMs 
NAD 83, Zone 15 11 Sep 
to 
11 Oct 
2012 
11 Oct 
to 
12 Nov 
2012 
Dye 
Input 
13 
Nov 
2012 
12 
Nov 
to 
16 
Nov 
2012 
16 
Nov 
to 
26 
Nov 
2012 
26 Nov 
to 
5 Dec 
2012 
5 Dec 
to 
12 
Dec 
2012 
12 Dec 
2012 
to 
8 Jan 
2013 
8 Jan 
to 
6 Feb 
2013 
6 Feb 
to 
9 May 
2013 
9 May 
to 
29 May 
2013 
29 May 
to 
20 Jun 
2013 Easting Northing 
Turn Lathe 
Spring Run 
(associated 
with 23A876) 
MN23:X00126 
spring 
run 
561,078 4.845,997 nd nd   nd nd nd nd nd 
nd 
(8 Jan to 
9 May 2012) 
nd nd 
Keeper Key 
Junction 
Bridge 
MN23:X00151 creek 567,404 4,846,108 nd nd   nd nd nd nd nd   nd nd nd 
                 
RhWT  indicates Rhodamine WT dye detected     
nd indicates no dye detected     
Uran  indicates Uranine (fluorescein) dye detected     
  (yellow cell) indicates no bug was received by the lab 
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Two factors may have resulted in these relatively slow groundwater flow velocities. 1) The 
fall of 2012 and the winter of 2012-2013 were a relatively dry period and 2) much of the 
monitoring was during the winter when land surface was frozen. Both factors decreas surface 
water infiltration and result in slower groundwater flow. Either of these factors or both in 
combination may be the cause of the relatively low flow velocities. 
 
 
   Figure 4. Dye Trace Vectors. Graphic by Valerie Woelfel  
 
Conclusions 
These are the first two successful fluorescent dye traces in this area of the Galena Karst of 
Fillmore County. The two red vectors in Figure 4 diagrammatically illustrate the groundwater 
connections between sinkhole 23D548 and Shady Spring the headwaters spring of Shady Creek, 
23A111, and between sinkhole 23D392 and Walnut Spring, 23A611. Shady Spring is fed by 
drainage from the southeast. Walnut Spring is fed by drainage from the northeast. 
The groundwater flow velocities from these sinkholes in the Prosser Formation to springs in 
the Cummingsville Formation, appear to be slower than the flow velocities seen in traces from 
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sinkholes in the Dubuque and Stewartville formations to springs in the Cummingsville 
Formation. Part, perhaps all, of this effect may be simply a function of the climate and season, 
however. These traces were conducted in the late fall and over the winter of a dry year. Low 
groundwater levels and spring flows may have decreased the flow velocities. 
These two successful traces begin the process of defining two new groundwater springsheds 
(GwSs) (Green and Alexander, 2015). Additional traces will be necessary to more fully define 
the GwSs. 
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